.
OVERVIEW OF CMR IMAGING TECHNIQUE
Initial routine axial images are obtained along the entire thorax providing an overview of the cardiothoracic morphology and anatomy (1) . Subsequently, It is important to mention that CMR imaging quality can be compromised in some patients due to susceptibility artifacts, which can arise from coils, stents, and other post-operative hardware (5) . In most cases, however, the study analysis and interpretation is still possible despite the presence of the localized artifact, which tends to extend slightly beyond the perimeter surrounding the implanted medical device/ hardware.
CMR FOR VALVULAR DISEASE
Echocardiography remains the most established imaging modality for assessment and follow-up of patients with valvular disease. However, over the 
Advantages
High test-retest reproducibility for quantification of chamber volume, mass, infarction size, and so on.
Precise quantification of complex flow patterns without geometrical assumptions.
Enables tissue characterization and the understanding of pathophysiological processes.
Provides a large field of view, not limited to echocardiographic windows or lung/breast interface.
High spatial resolution with excellent temporal resolution.
3-dimensional cardiovascular anatomy visualization without the need for intravenous contrast (advantageous for patients with advanced renal failure and/or those with iodine allergy).
No ionizing radiation to the patient.
Limitations
Not portable and relative less accessible. Usually limited to tertiary referral centers with experienced team.
Claustrophobia requires patient education and anxiolytic/ sedation for study completion.
Test may not be possible for severely obese individuals (usually a torso circumference >70 cm). Significant stenosis or regurgitation can occur on the same valve or involving different valves on the same patient. Although this is not an uncommon scenario, the diagnostic subtleties using echocardiographic evaluation and lack of specific management guidelines create important challenges in caring for these complex patients (6). Given its previously described quantification capabilities for flow and ventricular remodeling, CMR can be advantageous for the evaluation of patients presenting with multiple valvular disease, although more data is needed to validate this approach (7). Multiplanar reconstruction obtained from cardiac magnetic resonance imaging without gadolinium and using the free-breathing technique (noncontrast respiratory-and cardiac-gated 3-dimensional magnetic resonance angiography using balanced steady-state free-precession sequence).
duration, resulting in underestimation of peak jet velocities (9).
An additional parameter for assessment of AS severity is the direct measurement of the anatomical AVA using a direct 2D planimetry method. Using . The scout line is used on both views to determine the appropriate level (aortic valve leaflet tips) for the measurement of the anatomical aortic valve orifice area by 2-dimensional planimetry on the short-axis plane (C). The derived aortic valve area measurement of 0.95 cm 2 is consistent with severe aortic stenosis (dashed outline).
Cavalcante et al. Gated breath-held cines of 2 orthogonal planes (3-chamber and coronal/left ventricular outflow tract) are necessary for the delineation and measurement of the aortic annulus area, minimal and maximal annulus diameters. In the double oblique orthogonal short-axis view (bottom center figure) ; A refers to the major annular diameter, 27.4 mm, whereas B refers to the minor annular diameter, 21.5 mm.
scarring and/or replacement MF using LGE imaging appears to be prognostically important in AS patients.
Several
LGE patterns of MF have been described in patients with AS, even in the absence of prior myocardial infarction or coronary artery disease. Transcatheter aortic valve replacement (TAVR) was performed with a 26-mm Edwards SAPIEN Transcatheter Heart Valve bioprosthesis (Edwards Lifesciences Corporation, Irvine, California) 1 month prior, and the patient was now presenting with heart failure symptoms.
Transthoracic echocardiography showed mild paravalvular leak (PVL). Cardiac magnetic resonance (CMR) identified 2 distinct paravalvular leaks (PVL 1 and 2, blue arrows). CMR quantification suggested moderate PVL (regurgitant fraction ¼ 30%, regurgitant volume ¼ 30 ml/beat) (Online Video 2).
Cavalcante et al.
CMR for Structural and Valvular Interventions
M A R C H 1 4 , 2 0 1 6 : 3 9 9 -4 2 5 decompensation in whom early aortic valve replacement could be considered (30, 31) .
In another interesting recent study from Germany, Whether identification of focal or diffuse MF by CMR, pre-or post-intervention, will translate into an incremental prognostic value for severe AS patients treated with SAVR or TAVR remains to be determined.
Several ongoing studies are investigating the role of myocardial fibrosis in AS, and results will be important to determine the prognostic significance of these promising imaging biomarkers.
AORTIC REGURGITATION
Aortic regurgitation eventually leads to LV volume overload with eccentric LV remodeling, causing both increases in volume and mass ( Figure 1 ). In addition, A particular strength of CMR, in comparison with TTE, is the reproducible and accurate assessment of aortic regurgitant volume and fraction using phasecontrast imaging. This allows for adequate patient monitoring of disease progression using serial measurements over time (39) . CMR quantification of aortic regurgitation fraction using phase-contrast method was also able to predict hard outcomes such as development of heart failure symptoms and need for aortic valve replacement. Myerson et al. (40) have shown that a regurgitant fraction >33% had high sensitivity (85%) and specificity (92%) for Cavalcante et al. Axial through-plane non-breath-hold phase-contrast sequence at the level of the main pulmonary artery (left panel) used for quantification of forward and backward flow into the ascending (red circle) and descending aorta (green circle). Automated post-processing software analysis demonstrates holodiastolic flow and reversal in the descending thoracic aorta. In addition, precise calculation of the aortic regurgitant flow (45 ml/beat) and regurgitant fraction (54%) is also derived. On the right panel, abdominal aorta non-breath-hold phase-contrast demonstrates again severe holodiastolic flow reversal, which supportive and consistent with severe aortic regurgitation. This is the same patient from Figure 1 with chronic severe aortic regurgitation who presented with eccentric hypertrophic LV remodeling.
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Cavalcante et al. In addition, given its capability of imaging an unrestricted field of view, the study can be tailored to evaluate complex anatomy. As described in the pre- CMR can also visualize healed VSDs, which tend to be associated with aneurysmal formation of the basal septum and sometimes involve adjacent septal leaflet of the tricuspid valve (71) .
PATENT DUCTUS ARTERIOSUS. PDA is a fetal vascular structure connecting the proximal descending aorta to the roof of the main pulmonary artery.
Although it is essential in fetal life, permitting right ventricle ejection into the aorta, it normally closes spontaneously after birth. PDA is commonly seen in pre-term newborns, and depending on its persistency, size and magnitude of left-to-right shunting ascending aorta (Qs) and main pulmonary artery (Qp).
Given that the level of left-to-right shunting caused by the PDA does not increase the right ventricular stroke volume, the Qp/Qs in this instance will be <1.
CMR FOR AORTIC COARCTATION INTERVENTIONS
Provided there is local expertise and no contraindications, we believe that CMR should be considered the first imaging modality for evaluation of patients with aortic coarctation. This is due to the ability of CMR to evaluate both anatomic and func- 
